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Context: Inadequate dietary protein intake has been implicated in sarcopenia.

Objective and Design: The objectives of this study were to determine whether: 1) chronic essential
amino acid (EAA) supplementation improves postabsorptive muscle protein fractional synthesis
rate (FSR), lean body mass (LBM), and one-repetition maximum muscle strength, and androgen
receptor and IGF-I muscle protein expression; and 2) the acute anabolic response to EAA ingestion
is preserved after a 3-month supplementation period. Using a randomized, double-blinded, pla-
cebo-controlled design, older women (68 � 2 yr) were assigned to receive either placebo (n � 7),
or 15 g EAA/d [supplemented treatment group (SUP)] (n � 7) for 3 months. Metabolic outcomes
were assessed in association with stable isotope studies conducted at 0 and 3 months.

Setting: The study was performed at The University of Texas Medical Branch General Clinical
Research Center.

Results: Ingestion of 7.5 g EAA acutely stimulated FSR in both groups at 0 months (P � 0.05). Basal
FSR at 3 months was increased in SUP only. The magnitude of the acute response to EAA was
unaltered after 3 months in SUP. LBM increased in SUP only (P � 0.05). One-repetition maximum
strength remained unchanged in both groups. Basal IGF-I protein expression increased in SUP after
3 months (P � 0.05), with no changes in androgen receptor or total and phosphorylated Akt,
mammalian target of rapamycin, S6 kinase, and 4E-binding protein.

Conclusions: EAA improved LBM and basal muscle protein synthesis in older individuals. The acute
anabolic response to EAA supplementation is maintained over time and can improve LBM, possibly
offsetting the debilitating effects of sarcopenia. (J Clin Endocrinol Metab 94: 1630–1637, 2009)

Older age is often associated with a series of physical, hor-
monal, and nutritional alterations that facilitate the loss

of contractile protein, lean body mass (LBM), and the ability to
perform the activities of daily living. Although properly balanced
nutrition is paramount in providing adequate dietary protein for
the maintenance of muscle mass and strength during healthy
aging, such requirements are often not met. Early indications of
the need for additional protein intake among elderly came after

a study showing that homebound elderly consume well below
(�0.7 g mixed protein � kg�1 � d�1) the recommended daily in-
take of protein (0.8 g � kg�1 � d�1) (1), an amount also consid-
ered low based on more recent evidence (2, 3). Ideally, such
discrepancies in dietary protein can be corrected with modest
changes in dietary habits or perhaps increases in total dietary
intake. However, although some nutritional supplement regi-
mens result in increased protein and energy intake (4) and are
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well tolerated by assisted-living elders (5), subsequent voluntary
food consumption is often negatively affected (6).

Age-related changes in muscle metabolism are evident even in
healthy individuals. Thus, the rationale for undertaking an out-
come study such as this in healthy older individuals is based on
considerable data showing the anabolic benefit of acute ingestion
of essential amino acids (EAAs) (7–11). We recently demon-
strated that acute ingestion of 15 g EAA increased arterial amino
acid concentrations by 300%, and resulted in a 60% increase in
the fractional synthetic rate (FSR) of mixed muscle protein in
younger and older individuals (8). More recently, we showed
that an acute ingestion of EAAs (i.e. 6.7 g) resulted in a dimin-
ished accretion of muscle protein in older compared with
younger individuals, despite similar increases in blood EAA con-
centrations (12). Viewed together with the evidence from Bohe
et al. (13) showing that the muscle protein synthetic response is
a saturable process, it seems apparent that there is an optimal
dose of EAA (e.g. 6.7–15 g) needed to maximally stimulate mus-
cle protein synthesis in elderly, with too few EAAs potentially
dampening the synthetic process, and too many EAAs saturating
the synthetic system. However, the critical question remains
whether chronic EAA administration will significantly impact
LBM and function. Nutritional therapies intended to slow down
the process of age-related sarcopenia will only be effective if the
documented short-term effects persist over a longer-term
administration.

The purposes of this study were to determine whether: 1)
chronic EAA supplementation improves postabsorptive mus-
cle protein fractional synthetic rate (FSR), LBM, and one-
repetition maximum (1RM) strength, and androgen receptor

(AR) and IGF-I muscle protein expression; and 2) the acute
anabolic response to EAA is preserved after 3 months sup-
plementation. We hypothesized that repeated exposure to
EAAs given in a twice-daily between-meal fashion (7.5 g twice
a day for a total of 15 g/d) for 3 months would enhance the FSR
of mixed muscle protein and promote net muscle protein ac-
cretion in older individuals, without diminishing the acute
anabolic effects of EAAs. Confirming this hypothesis is crucial
for future nutritional supplementation paradigms to treat
sarcopenia.

Subjects and Methods

Subjects
Healthy older women (Table 1) were randomized to receive pla-

cebo, or 15 g EAA [supplemented treatment group (SUP)] adminis-
tered in soft capsules for 3 months in a between-meal fashion (1000
and 1400 h). Placebo and EAA capsules were prepared by a com-
pounding pharmacy. Subjects took 20 capsules in the morning and 20
in the evening for a total of 40 daily. Subjects and researchers were
blinded to the intervention.

Volunteers were recruited through The University of Texas Med-
ical Branch (UTMB) Sealy Center on Aging Volunteer Registry. All
subjects gave informed, written consent according to guidelines established
by the institutional review board at UTMB, and the study was conducted
according to Declaration of Helsinki principles. Subject eligibility was as-
sessed by a battery of medical screening tests, including a history and phys-
ical examination, an electrocardiogram, blood count, plasma electrolytes,
and liver and renal function tests. Exclusion criteria included the presence of
a metabolically unstable medical condition, vascular disease, hypertension,
cardiac abnormality, estrogen supplementation within the last 3 months, or
currently aerobically or resistance exercise trained. All subjects were living

independently. Older men were not studied to avoid any po-
tential interaction of testosterone with the nutritional
supplementation.

Experimental protocol
Before beginning the 3-month supplementation period,

all subjects underwent a 1RM strength assessment, dual en-
ergy x-ray absorptiometry for LBM, and 7-h stable iso-
tope infusion study. 1RM tests of bicep curl, triceps ex-
tension, leg extension, and leg curl were performed on
traditional Cybex weight machines (Cybex, Medway,
MA) in UTMB Alumni Field House 1 wk before the
stable isotope study, as previously described (14). Sub-
jects were familiarized on the machines after screening
and selection.

Stable isotope infusion studies were performed in
UTMB General Clinical Research Center (GCRC). The iso-
tope infusion protocol is depicted in Fig. 1. Volunteers were

FIG. 1. Baseline and 3-month infusion protocol. Arterial and venous (AV) blood samples
were obtained at 15-min intervals during an infusion of L-[ring 2H5]phenylalanine. Basal
muscle biopsies from the vastus lateralis were obtained at 60 and 180 min. Post-EAA muscle
biopsies were obtained at 60 and 240 min after a drink containing 7.5 g EAA.

TABLE 1. Subject characteristics

Placebo (n � 7) SUP (n � 7)

Age (yr) 69 � 3 67 � 1
Height (cm) 163 � 2 165 � 3

Month 0 Month 3 Month 0 Month 3

Weight (kg) 71 � 4 72 � 5 73 � 6 74 � 6
LBM (kg) 40.7 � 2.4 41.0 � 2.8 43.5 � 2.8 45.2 � 3.0a

Fat (%) 40 � 1 40 � 1 38 � 2 38 � 2
Serum creatinine (mg/dl) 0.81 � 0.06 0.83 � 0.04 0.76 � 0.03 0.74 � 0.04

a Significantly different from 0 months (P � 0.05).
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instructed to maintain their usual diet during the weeks preceding each
metabolic study. Subjects were admitted to the GCRC at noon the day
before each study, and fed a standardized lunch and dinner prepared by
the GCRC Metabolic Kitchen. After a 2200-h snack, subjects were fasted
overnight for approximately 10 h.

At 0700 h, an 18-guage polyethylene catheter (Insyte-W; Becton
Dickinson, Sandy, UT) was inserted into an antecubital vein. Blood
samples were drawn for the analysis of background amino acid en-
richment and again every 15 min throughout the 180-min basal pe-
riod. A second 18-guage polyethylene catheter was placed in the con-
tralateral wrist for a 7-h primed-(2 �mol/kg�1) continuous infusion
(0.05 �mol/kg�1 � min�1) of [L-ring-2H5]phenylalanine.

Two muscle biopsies were taken in the basal state using local anes-
thesia (1% lidocaine) over the lateral portion of the vastus lateralis ap-
proximately 10–15 cm above the knee using a 5-mm Bergstrom biopsy
needle at 60 and 180 min. Samples (�100 mg) were immediately rinsed,
blotted, and quick frozen in liquid nitrogen. After the second biopsy, all
subjects consumed a drink containing 7.5 g EAA to assess the acute
response to EAA. Two additional biopsies were taken at 60 and 240 min
after EAA ingestion, respectively. After the fourth biopsy, all catheters
were removed, and subjects were fed. Before discharge, subjects were
dispensed 1 month worth of EAA or placebo capsules by an independent
third party and instructed to bring their empty capsule container back
each month for assessment of compliance. Subjects were asked to main-
tain their usual dietary habits and daily activities during the 3-month
intervention period. Subjects were instructed to take the capsules at
1000 h and then again at 1400 h every day for 3 months. EAA supplement
composition (Table 2) was the same as used in our comparison study of
acute amino acid supplementation in the young and elderly (8). Placebo
capsules were filled with lactose, and were equal to the EAA supplement
in weight and energy content. Each month, subjects returned to the
GCRC to collect their next month’s capsules. At month 3, subjects re-
turned to the GCRC to undergo their second and final stable isotope
infusion study, dual energy x-ray absorptiometry, and 1RM assessment.
The final dose of the supplement was ingested at 1400 h the day before
the final isotope study.

Analytical methods
Blood and muscle samples were precipitated in sulfosalicylic acid and

internal standard, and analyzed as previously described (8). Amino acids
were extracted by cation exchange chromatography (Dowex AG 50W-8X,
100–200 mesh H� form; Bio-Rad Laboratories, Inc., Richmond, CA) and
dried under vacuum (Savant Instruments, Farmingdale, NY). Blood and
skeletal muscle intracellular phenylalanine enrichment and concentrations
were determined using the tert-butyldimethylsilyl derivative using GCMS
(Hewlett-Packard Model 5989; Hewlett-Packard Co., Palo Alto, CA) with
electronimpact ionizationaspreviouslydescribed(15–18).Skeletal muscle
protein bound L-[ring-2H5]phenylalanine enrichment was determined
using the standard curve approach using GCMS (19).

Basal plasma amino acids at months 0 and 3 were measured by the
Biomolecular Resource Facility and UTMB Protein Chemistry Lab using
ion exchange HPLC (Hitachi L8800 Amino Acid Analyzer; Hitachi, Inc.,
Pleasanton, CA).

Western blot analyses
Blots (80 �g protein) were incubated overnight in the presence of

rabbit primary antibodies to AR (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) or IGF-I (Santa Cruz Biotechnology). Total and phosphory-
lated Akt (Ser473), mammalian target of rapamycin (mTOR) (Ser2448),
p70S6K (Thr389), and 4E-binding protein (4E-BP1) (Thr37/46) (Cell
Signaling Technology, Inc., Danvers, MA) were determined as a second-
ary outcome using unused aliquots of muscle tissue. Antibodies for actin
and glyceraldehyde-3-phosphate dehydrogenase were used to verify for
consistency in protein loading.

Calculations
A stable isotope of phenylalanine was selected because it is neither

produced nor metabolized in skeletal muscle. Indices of protein synthesis
(Rd) and protein breakdown (Ra) were calculated as follows:

Rd � (Ca � Ea � Cv � Ev)/(Ea � BF) (nmol � min�1 � 100 ml leg�1)

Ra � Rd � [(Ca � Cv) � BF] (nmol � min�1 � 100 ml leg�1)

where Ca and Cv represent the phenylalanine concentrations in the fem-
oral artery and vein, respectively (20). BF represents leg blood flow, as
determined by the indocyanine green dye dilution method (21). Leg vol-
ume was determined anthropometrically (22).

The FSR of mixed muscle protein was calculated by measuring the
direct incorporation of L-[ring-2H5]phenylalanine into protein, using the
precursor-product model:

FSR � [(EP2 � EP1)/(Em � t)] � 60 � 100 (% � h�1)

where EP1 and EP2 are the enrichments of bound L-[ring-2H5]
phenylalanine in sequential muscle biopsies, t is the time interval between
biopsies, and Em is the mean L-[ring-2H5]phenylalanine enrichment in the
muscle intracellular pool (23).

Statistical analysis
Data are presented as means � SE. Effects of supplementation on

LBM, basal FSR, and other outcome parameters were assessed by ex-
amining the interaction effect of the factors time and treatment using
repeated measures ANOVA, followed by the F test to determine whether
interaction was significantly different than zero. Whether or not EAA
stimulated FSR before and/or after treatment was assessed by looking at
the main effects and interaction effects of time � treatment � EAA dose
using repeated measures ANOVA followed by the F test to determine
whether interactions and/or main effects were significantly different than
zero. Differences were considered significant at P � 0.05.

Results

Physical characteristics
There were no differences in age, height, weight, or LBM

between the groups (Table 1). Renal function was not affected by
chronic EAA supplementation, as evidenced by unaltered serum
creatinine concentrations. Our primary outcome measure, LBM,
was significantly increased in SUP at month 3 (P � 0.05). Upper
and lower body 1RM strength remained unchanged in both
groups (data not shown).

TABLE 2. Composition of EAA supplements

Amino acid 7.5 g EAA Total (%)

Histidine 0.82 10.9
Isoleucine 0.78 10.4
Leucine 1.39 18.6
Lysine 1.17 15.5
Methionine 0.23 3.1
Phenylalanine 1.17 15.5
Threonine 1.10 14.7
Valine 0.86 11.5
Total 7.52 100

The composition of the EAA mixture was identical to that used by Paddon-Jones
et al. (8). The 7.5-g EAA supplement was used as the acute bolus during the
kinetic studies at 0 and 3 months for both groups. The SUP group received 7.5 g
EAA twice a day to total 15 g EAA/d.
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Plasma amino acids
Basal plasma essential and non-EAAs were similar in placebo

and SUP at months 0 and 3.

Phenylalanine enrichment and concentration
Arterial phenylalanine enrichment remained stable across

basal and postprandial periods in both groups at months 0 and
3 (Fig. 2A). Basal arterial phenylalanine concentrations after 3
months were higher in SUP than placebo but increased to similar
levels after EAA ingestion in both groups (Fig. 2B).

Rd and Ra
Basal phenylalanine Rd was similar between groups and in-

creased immediately after acute EAA ingestion in both groups at

0 and 3 months (Fig. 2C). Phenylalanine Ra did not change after
acute EAA ingestion at 0 or 3 months and was similar between
groups (data not shown).

Mixed muscle fractional synthesis rate (FSR)
Bothgroupsshowedsimilar increases inFSRinresponsetoacute

7.5 g EAA at month 0 (P � 0.05) (Fig. 3). Basal mixed muscle FSR
was increased in the SUP group after month 3 (P � 0.05). The
magnitudeof the increase inFSRinresponse toacuteEAAingestion
at month 3 was similar between placebo and SUP (P � 0.13).

Plasma insulin
Both groups elicited similar acute insulin responses after EAA

ingestion at month 0 (from 6.1 � 1.6 to 15.0 � 4.4, and from

FIG. 2. Phenylalanine (Phe) enrichment (A), concentration (B), and Rd (C) throughout the infusion studies at months 0 and 3.
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5.5 � 2.0 to 16.4 � 5.6 �IU/ml, placebo and SUP, respectively;
P � 0.05), which remained unaltered after 3 months. Insulin
returned to basal concentrations within 60 min in both groups.
Net insulin release (calculated from area under the curve over the
entire 240 min periods) at months 0 and 3 was 6.8 � 1.2 vs. 6.7 �

1.4 and 7.6�2.3 vs. 7.1� 2.6 �IU/ml�1 � min�1 for placebo and
SUP, respectively.

Western immunoblots
Basal skeletal muscle IGF-I protein expression was signifi-

cantly increased after 3 months in the SUP group only (Fig. 4; P �

0.05). There were no changes in expression of AR or in total
protein, phosphorylated protein, or the ratio of phosphorylated
to total protein for Akt, mTOR, p70 S6 kinase (S6K1), or 4E-BP1
in either group at any time (data not shown).

Discussion

Our positive findings are essential for future nutritional recom-
mendations and supplementation paradigms to prevent sarcope-
nia. The persistence of EAA stimulation on FSR is reassuring for
longer-term studies, and suggestive that nutritional interventions

could significantly impact the morbidity and mortality associ-
ated with sarcopenia without affecting kidney function. More-
over, the significance of our results should stimulate the food
science industry to develop more practical methods of delivering
dietary or supplemental EAA than the multiple capsules used in
our study.

Specifically, this study demonstrates that chronic EAA sup-
plementation enhances LBM and the basal rate of muscle protein
synthesis in healthy older women. Furthermore, we demonstrate
that the acute anabolic effects of EAA ingestion do not diminish
over time. These results indicate that chronic EAA supplemen-
tation has the potential to retard or reverse the muscle loss as-
sociated with aging, perhaps in part, by stimulating muscle pro-
tein synthesis in the period between meals when amino acid
concentrations are normally on the decline. Mechanistically, in-
creased expression of IGF-I in basal muscle samples of the amino
acid group suggests a strong role for the IGF-I/phosphatidylino-
sitol 3-kinase (PI3K)/Akt pathway in amino acid-induced anab-
olism and hypertrophy signaling in skeletal muscle. Our LBM
data suggest that chronic EAA supplementation conferred a cu-
mulative anabolic effect on muscle mass during the 3-month
period. This finding is supported by our data from a recent bed
rest study that showed that the acute stimulatory effect of EAA
supplementation was preserved throughout the 28 d bed rest,
and resulted in the maintenance of LBM and partial preservation
of muscle strength (8).

In the present study, EAA supplementation alone was not
sufficient to enhance muscle strength. The lack of increase in
muscle strength is not surprising considering that these subjects
were habitually sedentary and were asked to refrain from making
any drastic changes to their normal physical habits throughout
the 3 months. In addition, 1RM assessment may not be suffi-
ciently sensitive to detect subtle changes in muscle strength. It is
likely that positive strength changes would occur in a more in-
tegrated healthy lifestyle involving both regular exercise and ad-
equate daily EAA ingestion, and may take longer than 3 months
to confer strength gains. Future studies conducted over longer
periods of time and perhaps including scripted exercise programs

FIG. 4. IGF-I protein expression in skeletal muscle at months 0 and 3 of EAA
supplementation. *, Significant increase in IGF-I expression in the SUP group (P �
0.05). Top, Representative Western blot from a placebo (PLA) and SUP subject.
Bottom, Mean densitometry data from the seven subjects receiving 3 months
placebo and seven subjects receiving 3 months 15 g EAA (SUP). Months 0 (white
bars) and 3 (black bars). The arbitrary units result from the IGF-I densitometric
data expressed as a ratio with the densitometric data for the actin control.

FIG. 3. A, Basal-mixed muscle FSR at months 0 and 3. Dotted lines are
representative of pooled averages from both groups at month 0. B, Percent
change in FSR from months 0–3. #, Significant increase in FSR from baseline to 3
months (P � 0.05). *, Significant increase in FSR after ingestion of an EAA bolus
(P � 0.05). PLA, Placebo.
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are warranted and may be more appropriate to demonstrate
functional improvements.

Acute ingestion of amino acids primarily acts to stimulate
muscle protein synthesis in healthy populations, without altering
protein breakdown (24, 25). Such acute studies are necessary
because they provide direct evidence of the magnitude and du-
ration of the anabolic potential of a particular nutritional sup-
plement, however, they do not provide insight into the potential
interactive or confounding effect of these supplements on prior
or subsequent meal ingestion. The basis for this research design
comes from our recent data in healthy young showing that in-
gestion of a supplement containing 15 g EAA and 30 g carbo-
hydrate provided a strong anabolic stimulus to skeletal muscle,
without interfering with the anabolic response to a mixed nu-
trient meal provided 3 h later (26). These data provided the
necessary rationale and optimism for the current study’s exam-
ination of the prolonged benefits of twice-daily between-meal
EAA supplementation in older individuals. Our results provide
novel data that chronic nutritional EAA therapy for the treat-
ment of sarcopenia holds promise if it can be delivered in a pal-
atable and practical formulation.

The primary goal of amino acid supplementation is to facil-
itate an increase or maintenance in muscle mass and strength. To
be an effective supplement in aging or clinical populations, the
selected dose of EAA must first be acutely anabolic to skeletal
muscle (8). Our rationale for using a 7.5-g EAA supplement was
based on our previous acute findings that 15 g whey protein
(containing 6.5 g EAA) is strongly anabolic to skeletal muscle in
healthy older individuals (7) but less effective than an isocaloric
supplement containing only EAA. Next, the volume and energy
content of the supplement should not be excessively large that it
slows gastric emptying, increases satiety, and impacts subse-
quent ad libitum food intake (6, 27). Our solution to this im-
portant issue was to encapsulate the amino acids rather than
mixing them with a sugar-free soda such as done in our acute
studies, thus preventing the issue of gastric distension. This also
made them palatable and enabled capsule counting to monitor
compliance. Whether supplement compositions that include
both EAA and nonessential amino acids can yield similar results
is a topic outside the scope of this study.

Among EAAs, the anabolic potential of leucine has received
the greatest attention (28, 29). Retrospectively, the leucine con-
tent in this study was relatively low (1.39 g, Table 2) by com-
parison to amounts used in recently published studies (1.7 g)
(12). Indeed, Katsanos et al. (30) showed that 7 g EAA was
anabolic to muscle protein synthesis in older individuals only
after increasing the leucine content from 1.7–2.8 g. Similarly,
Dardevet et al. (31) recently demonstrated in vitro that the re-
sponse in S6K activity to low concentrations of leucine is dimin-
ished in muscle of old rats when compared with younger adult
rats. However, this age difference disappeared when concentra-
tions of leucine were increased. Nevertheless, the daily amount
of EAA that our SUP group received (2 � 7.5 g � 15 g EAA) was
sufficient to increase basal levels of muscle protein synthesis over
a 3-month period. Furthermore, the absence of statistical signif-
icance in the increase in post-EAA FSR in the SUP group at month
3 was due to the increased basal FSR levels in these subjects and

not due to a diminished acute anabolic response because there
were no differences in post-EAA FSR between the placebo and
SUP groups. In addition, this increase in basal FSR was not due to
anincrease inaminoacidavailability intheSUPgroupbecausebasal
amino acid concentrations were not affected by chronic amino acid
supplementation.

Measurements of signaling molecules were performed as a
secondary outcome on unused muscle tissue after sample collec-
tion had taken place. The major pathways through which EAAs
are known to induce protein synthesis involve activation of
mTOR and its downstream effectors: eukaryotic initiation fac-
tor, 4E-BP1, and the ribosomal protein S6K1. This pathway is
downstream and sensitive to Akt signaling, and insulin is be-
lieved to play at least a permissive role in the activation of the
mTOR pathway (32). Despite acute increases in insulin concen-
trations in responses to oral EAA, Akt phosphorylation in skel-
etal muscle was unchanged, suggestive of impaired insulin sen-
sitivity in skeletal muscle. In addition, phosphorylation of
mTOR, S6K1, and 4E-BP1 did not increase significantly in ei-
ther group after acute or 3 months twice-daily EAA ingestion.
Although reports in the literature vary (33–36), there is an in-
creasing body of evidence suggesting that EAA stimulation of the
mTOR pathway is blunted in older compared with younger
individuals.

Although our results are consistent with a blunted signaling
response in skeletal muscle of older individuals, it is also possible
that we missed the signaling event that may have occurred be-
tween 30 and 60 min after EAA ingestion. However, the primary
factor dictating the timing of the muscle biopsies in our study was
for the assessment of skeletal muscle protein kinetics. Second, we
purposefully studied an otherwise healthy free-living older pop-
ulation using a minimalist nutritional approach by enhancing
their normal dietary intake. Although inclusion of a controlled
exercise component could have further benefitted muscle mass
and strength, our positive results show that a chronic stand-alone
nutritional intervention to a largely sedentary older population
can contribute to improvements in the protein synthetic re-
sponse. Finally, we intentionally omitted a strict dietary regimen
as part of our protocol to avoid forced changes in dietary habits,
thereby influencing muscle protein anabolism and muscle
strength. We acknowledge that changes in basal FSR could have
been attributed to EAA deficiencies in the unsupplemented diet.
However, we measured no between-group differences in basal
plasma amino acid concentrations in either group before or after
3 months daily EAA. Regardless, such findings would have fur-
ther highlighted the need for nutritional support in older, free-
dwelling, populations.

An enhanced basal rate of muscle protein synthesis in our
EAA treated group was consistent with the increase in LBM and
increased protein expression of skeletal muscle IGF-I. It is well
known that the major signal that regulates postnatal growth of
skeletal muscle is the IGF-I/PI3K/Akt pathway (37). This path-
way promotes protein synthesis and the resulting hypertrophy by
activating translation and retarding proteolysis and expression
of various atrogenes (38, 39). In the current study, the combi-
nation of elevated FSR with increased IGF-I protein expression
found in the chronic EAA treated group demonstrates that the
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IGF-I/PI3K/Akt pathway was activated by chronic EAA expo-
sure. Further confirmation comes from a recent study examining
the effects of 1 wk of dietary carbohydrate restriction and in-
creased protein intake on muscle protein metabolism in young
(40). In that study, 1 wk of increased protein intake elevated
approximately 2-fold the basal FSR of muscle protein and skel-
etal muscle IGF-I mRNA expression, respectively. Thus, eleva-
tion of basal muscle protein synthesis can be accomplished with
both shorter (i.e. 1 wk) and longer-term (i.e. 3 months) exposure
to amino acids, and may be mediated via the IGF/PI3K/Akt
pathway.

In conclusion, twice-daily between-meal ingestion of EAA
increased LBM and the basal synthetic rate of muscle protein in
healthy older women. These data provide the rationale for em-
barking on targeted nutritional interventions in aging and other
chronic disease populations undergoing progressive or acute
losses in skeletal muscle mass.
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